A b s t r a c t
Introduction
Schwannomas are benign neoplasms derived from Schwann cells. They mostly occur as solitary tumours [6, 7, 25] . Multiple schwannomas developing in individual nerves are very rare [14, 24, 29, 33, 35] . Their presence may be one of the symptoms indic ative of neurofibromatosis type 2 or schwannoma tosis [5, 13, 25] . In material presented by Ogose et al. multiple schwannomas were found in 4.6% of all patients treated for schwannoma [25] . Qualification for surgical treatment of multiple schwannomas is controversial. Some authors highlight elevated risk of iatrogenic damage to the nerve during tumour excision [24] . Advocates of surgical treatment raise the possibility of development of multilevel compres sion neuropathy as a result of the growth of tumours [5] . It is obvious that only symptomatic tumours are qualified for excision [5] .
Case report Case 1
A 26yearold woman was admitted to our ward for surgical treatment of multiple nodules located in the middle finger of her left hand. The nodules began to be palpable 6 years earlier. There was no histo ry of significant trauma or inflammation of the left hand. The patient reported pain that increased when pressure was applied on the nodules and with finger movements. Paraesthesias were present in the fin gerpad of the patient's third finger.
On ultrasound examination performed on 1.04.2011 a polycyclic lesion consisting of 3 nodules was seen along the proper digital nerve on the radial side of the third finger. The lesion originated at the level of the metacarpophalangeal joint and continued for about 33 mm. Consecutive individual nodules were 7.5, 11 and 9 mm in diameter, going proximally. In the same nerve, presence of another solitary nod ule with a diameter of 3.6 mm located 3 mm dis tally from the proximal interphalangeal joint was detected. Presence of another nodule measuring 4.5 mm in diameter was revealed in the proper dig ital nerve on the ulnar side near the distal inter phalangeal joint. Magnetic resonance imaging (MRI) examination (Siemes Essenza 1.5T) perform ed on 25.03.2013 showed a polycyclic lesion about 36 mm long derived from the proper digital nerve on the radial side of the third finger. Presence of another tumour measuring 5 mm in diameter and located in the proper digital nerve on the ulnar side of the dis tal portion of the middle phalanx was also revealed. The tumours showed significant enhancement after administration of contrast agent - Figure 1 .
On clinical examination presence of palpable nodules both on the radial and the ulnar side of the third finger was detected. Local pain was trig gered by applying pressure on the nodules. The metacarpophalangeal as well as proximal and dis tal interphalangeal flexion range was also limited by pain. On percussion of the nodules, positive TinelHoffman sign was observed together with paraesthesias in the fingerpad of the third finger. Superficial sensation in the fingerpad of the third finger was unaltered, with static and dynamic sen sory discrimination comparable to the opposite side. Neither muscle atrophy nor impaired digital blood flow in the patient's hand was observed. It was decided that the patient qualified for operative treatment. During the first operation performed on 7.05.2013, four nodules located in the proper digital nerve on the radial side were removed. The nodules were 12, 10, 8 and 3 mm in diameter - Figure 2 . The smallest of the removed nodules was not visu alized on imaging tests. During the second opera 
Case 2
A 22yearold woman was admitted to our ward for operative treatment of tumours located on her left forearm. The tumours first appeared about two years earlier. The patient had no history of trauma to the affected area. In anamnesis, the patient report ed pain elicited by applying pressure to the tumour mass and after overstraining the limb as well as presence of paraesthesias in the dorsum of the 1st and 2nd fingers of her left hand. On ultrasound examination performed on 19.07.2013 presence of 2 tumours in the course of the superficial branch of the radial nerve was detected. The proximal lesion measuring 23 × 16 × 36 mm was located about 2 cm from the site of division of the major trunk of the radial nerve. This tumour was well encapsulat ed, located under the epineurium and caused dis placement of nerve fascicles. Matrix of the tumour was heterogeneous with numerous fluid collections. The peripheral lesion had the dimensions 17 × 7 × × 5 mm and its matrix was homogeneous. On MRI examination performed on 11.04.2013, presence of two nodules differing in size located in the super ficial radial nerve was detected. The larger of them, measuring 37 × 20 × 18 mm, was located about 3 cm from the cubital joint. The other one was locat ed peripherally, about 9 cm from the cubital joint, and measured 7 × 6 × 16 mm. The tumours showed heterogeneous contrast enhancement - Figure 4 .
Presence of a palpable mass of two tumours located in the proximal 1/3 and halfway down the forearm was confirmed on clinical examination. Pain was triggered by applying pressure to the tumours. On percussion of the tumours HoffmanTinel sign was elicited, and the patient reported paraesthesias of the dorsal side of the 1st and 2nd finger as well as radial aspect of the dorsum of the hand. Exam ination of superficial sensory function in this region did not reveal significant impairment compared to the opposite side. No muscle atrophy in the hand and forearm was observed. The patient was sched uled for surgical removal of the tumours. The pro cedure was performed on 15.10.2013 from a single incision in the proximal 1/3 and halfway down the forearm. The operation was performed using tour niquet ischemia and an operating microscope. Two tumours measuring 32 × 20 × 15 mm and 12 × 8 × × 5 mm were excised with transection of one fasci cle - Figures 5 and 6 . In the peripheral portion of the superficial radial nerve, presence of a third nodule, previously not visible on imaging scans, was detect ed. This small nodule, measuring 3 mm in diameter, was removed without damage to the fascicular struc ture. The crosssection of the largest of the excised 
Discussion
Location of solitary schwannomas in the hand and fingers is rare [8, 27] . Cases of multiple schwan nomas in this region are of great rarity [41] . In material presented by Rockwell et al. schwannomas located in the hand and wrist constituted 7.5% of all schwannomas. The most frequent site of origin in material presented by authors mentioned above were proper digital nerves (52%) and common dig ital nerves (19%). Multiple tumours were detected in two female patients described by these authors; they derived, however, from separate nerves. Rock well et al. did not describe any tumours located peripherally to the proximal interphalangeal joint [27] . Peripheral location of schwannomas in fingers is a subject of casuistic reports [15, 32] . Kilic et al. presented a case of a painful solitary schwannoma located in middle and distal phalanges of the 3 rd fin ger of the left hand [15] . Takeuchi et al. described a solitary schwannoma located in the distal phalanx of the 4 th finger of the right hand [32] . The case pre sented in this work is unique due to the fact that schwannomas developed in both digital nerves and occurred simultaneously proximally and distally to the proximal interphalangeal joint.
In the second of the described cases the tumours were located in the superficial radial nerve. The super ficial radial nerve is a sensory branch of the radial nerve that provides cutaneous innervation to the dorsal aspect of the hand, including the thumb, index finger and the radial aspect of the long finger [23] . The superficial radial nerve might be compressed or injured at various anatomical sites along its course in the forearm [26] . Cases of external compression by an osteochondroma, lipoma or ganglion cyst [19, 26, 36, 40] as well as development of tumours such as nerve sheath ganglion, lipofibroma and plasmocy toma intraneurally [4, 11, 30] have been described. The first case of schwannoma located in the super ficial radial nerve was described by Visser in 2009 [37] . The tumour was located 7 cm above the styloid process of the radius [37] . Other cases of solitary schwannoma were presented by Kim et al. and Tang et al. and were located halfway down the forearm and in the wrist, respectively [16, 34] . Compression of the superficial radial nerve occurring at the proximal third of the forearm is unusual [26, 36] . In our material the largest tumour was located in the proximal third of the forearm and 2 smaller ones halfway down its length. Tanabe et al. presented a case of a 38year old woman with multiple schwannomas (5 tumours) in the radial nerve (arm) and posterior interosseous nerve (forearm) [33] . According to the authors it was the first documented description of multiple schwan nomas in the radial nerve and its motor branch [33] . To the best of our knowledge, multiple schwannom as of the superficial radial nerve have not previously been described.
Cystic degeneration of the largest tumour locat ed in the superficial radial nerve (case 2), which was detected both on imaging scans and intraoperatively, Table I . Criteria for diagnosis of schwannomatosis Schwannomatosis* Diagnostic criteria Definite Age > 30 years and two or more non-intradermal schwannomas (at least one with histological confirmation)
or One schwannoma confirmed with histology and a first-degree relative who meets the above criteria Possible Age < 30 years and two or more non-intradermal schwannomas (at least one with histological confirmation)
or Age > 45 years and no symptoms of eighth cranial nerve dysfunction and two or more non-intradermal schwannomas (at least one with histological confirmation)
or Radiographic evidence of a schwannoma and a first-degree relative who meets the criteria for definite schwannomatosis Segmental Meets criteria for definite or possible schwannomatosis but limited to one limb or five or fewer contiguous segments of the spine seven patients diagnosed with ancient schwanno ma [10] . Ancient schwannoma is a rare degenera tive type of schwannoma described for the first time in 1951 by Ackerman and Taylor [1] and accounts for 0.8% of soft tissue tumours [4, 22] . This type of neoplasm occurs predominantly in the form of large, slowgrowing tumours located in deep tissue layers of the head, neck, chest, retroperitoneum, pelvis and limbs [10, 18, 31, 38] . Ancient schwannoma develops mainly in elderly people [38] . Presence of degener ative changes in this type of tumour is associated with a prolonged period of its growth [10, 38] . Very rare cases of ancient schwannoma characterised by rapid growth have been described. Isobe et al. in their material comprising 7 patients diagnosed with ancient schwannoma in 2 cases observed a short period of tumour growth lasting one and two years [10] . Lee et al. described a case of ancient schwan noma development in a thigh with very fast increase in tumour size within one year [18] . Likewise, in our 22yearold female patient development of ancient schwannoma in the superficial radial nerve lasted only 2 years. Lee et al. concluded that longterm clin ical history is not essential for ancient schwannoma diagnosis [18] . Ancient schwannoma with degener ative changes including nuclear atypia, hyperchro masia and pleomorphism can be misdiagnosed as sarcoma [17] . According to Klijanienko et al., the principal discriminative morphological differences between welldifferentiated malignant peripheral nerve sheath tumour (MPNST) and schwannoma rely on the presence of mitotic figures and the absence of Verocay bodies [17] . In both of the described cases, diagnosis of neu rofibromatosis type 1 and 2 was excluded based on clinical examination and additional examinations' results. The patients' families had no history of neu rofibromatosis type 1 and 2 or schwannomatosis. Both described cases can be classified as segmen tal schwannomatosis. Schwannomatosis is a genetic disorder described for the first time in the 1970s and for more than 20 years considered a form of neurofi bromatosis [13] . In the late 1990s the suggestion was made that schwannomatosis should be classified as a separate condition [21] . The first clinical diagnos tic criteria were formulated in 1997 by Jacoby et al. [12] . Contemporary diagnostic clinical criteria for schwannomatosis were established in 2005 during a meeting under the patronage of the National Neu rofibromatosis Foundation [20] . One year later they were made even more precise, and in this form they are valid until today [2, 3] -Table I .
Schwannomatosis occurs with an annual inci dence estimated at 0.58 cases/1 000 000 persons [5, 20] . There are two types of schwannomatosis: sporadic and familial [5] . Patients diagnosed with schwannomatosis constitute a small fraction of all patients treated surgically for schwannomas. In material presented by Seppälä et al. patients with schwannomatosis accounted for 3.7% and in materi al by Huang for 4.6% of all patients who underwent operative treatment [9, 28] . In material presented by Wang et al. 5 cases of segmental schwannomatosis constituted 1.4% of all treated patients [39] . It is esti mated that segmental schwannomatosis constitutes about 30% of all cases of schwannomatosis [20] . Gonzalvo et al. described 4 cases of the segmental form among 14 patients diagnosed with schwan nomatosis. The segmental form was found only in patients with sporadic schwannomatosis [5] . It was similar in our two patients. Medical history and clin ical manifestations enabled diagnosis of segmental sporadic schwannomatosis.
Conclusions
To conclude, we have presented two cases of a rare disorder (segmental schwannomatosis) of an extremely rare location (digital nerves, superficial radial nerve) and histopathological pattern -ancient schwannoma (case 2).
